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Overview

e System responsibilities
* NOVA era Recycler and Main Injector RF

* ASTA
— RF systems
— Phase Reference line
— Klystron linearization
* Project X and PXIE
e R&D
— SoC LLRF Platform
— High Efficiency Solid State PA (SBIR)
— Magnetron PA
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LLRF Team and System Responsibilities

AD/RF/LLRF e 400 MeV LINAC (201.25, 805 MHz)
SEINOEES e Main Injector, Mid Level RF, Comb
Ed Cullerton _ .

Philip Varghese Filter Beam Loading

Barry Barnes Compensation (53 MHz )

Dan Klepec

* Recycler Ring (53 MHz)

— commissioning now

Dave Vander Meulen

2'35/;30 — * AO Photo-injector (1.3, 3.9 GHz)
Ted Zmuda « ASTA Beam Test Facility (1.3 GHz)
Ken Triptow

e Horizontal test stands
(325,650,1300 MHz)
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NOvA/ANU Beam Transfer Scheme
for Slip Stacking in the Recycler Ring
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production
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MI Prepares for RR To M| Beam Transfer
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Advanced Superconducting Test Accelerator(ASTA)
A developing users facility

50 MeV Beam Energy

g e W e Wl B Wl B

flat beam am 4
lect booster cavities transfor dump 1" cryomodule
ee—{%ﬂa.u{cr —— e —— pa{—|siHoneto —:::'a‘rqi—_i-.:_r':l T T = = CM
/.
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ASTA LLRF System

eCommissioning of gun and Photo Cathode is in progress
e Cooldown efforts of CC2 and CM1 are underway

GUN CClI CcCll

o cM1 > cM2 -

\J
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to HLRF tolILRE

| |
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= RF reference | B Akl e
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| | = o
| |
| |
| GUN LLRF rack | CCl + CCll LLRF rack CM1 + CM2 + CM3 LLRF rack
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ASTA Gun Controller Performance

1 msec pulse length
14 MV/m, 400 kW — limited by ongoing cavity conditioning

Open loop Closed loop
Pg~1, Ig 250,000
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ASTA CM1 LLRF Racks

Receivers and Up-converter

VXI CPU & 3 MFCs
- Probe, Fwd, Ref

Master-Csahiator

122C MHz.
Local Oscillator 1313 MHz.

Master Oscillator

¥ CHANNEL
" RECEIVER

= Power Supply

Power Supplies
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1.3 GHz Phase Averaging Reference Line
ASTA

Master Oscillator Isolator

7/8" RFS CellFlex Cable

Forward Signal

PLL

,;*L-L*AL—| 20 dB Coupler
Input

Reverse Signal

M /yﬁ\ 3dB | AMAA /yﬂ\ e o M /yﬂ\ M /yﬁ\ A fyﬁ\

Phase held constant by PLL *

Power
Combiner

OUT = Forward + Reverse

LASER Electron Gun cc1/cc2 Instrumentation CM1/CM2/CM3 Instrumentation
ASTA Reference Line Phase Drift (Instrumentation Tap)
* changes in cables lengths between tap positions due to temperature changes(L =L + AL) * =
the output becomes: out=A, cos (wt+ @ +A®, )+ A cos (Wt+B.-AF,) <« _ . o

Forward Reverse ‘

When the phase at the shorted end of the reference line is held constant, A@, = ~A @, .
When Ag. =-Ad,,
arg {A; cos (wt+ @ +A @ )+ A cos (wt+@.~A@, )} =arg {A,cos (wt+ @ )+A, cos (wt+@,)

~——Phase Drlft (fs|

g
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!
!
|

Temperature (F)
2 E
Ph:s\e Drift( fs )

Time ( min)
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Klystron Linearization of CM1 @ C

eAllows constant gain slope for wf -~ T
feedforward and feedback = | " Limitation
e Allows operation close to saturation T 3°f ., at saturation
and prevents overdrive of klystron £ 2f 7 Measured data |
: . at NML ]
: klystron *
See Mathieu Omet’s talk B Y R
FF ampl. [arb. units]
> Determination Calcu!atlon ) If foorr”A > limit
of amplitude A[ |, Correstion factor - ==y limit/A
>( 1 amp foor=a-Al+b A2+ A+d =
I I
¢ —| Switch =

—
Q
1 >®—‘> Switch 5
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Project X Reference design configuration

3 MW @ 3 GeV
200 kW @ 8 GeV
2.2 MW @ 120 GeV

Design is
undergoing
m—»( reevaluation

3-GeV, 1-mA CW linac provides beam for rare processes program
~3 MW, flexible provision for beam formats supporting multiple users
<5% of beam is sent to the Ml

3-8 GeV acceleration: pulsed linac
Linac would be 1300 MHz with <5% duty cycle
Up to 200 kW beam power available at 8 GeV
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Beam Pattern Through 3 GeV Linac
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PXIE RF and LLRF Layout
1625 i - 325 MHz 4>|
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High Efficiency Solid State PA Development

100%

EFFICIENCY

SBIR with Green
Mountain Radio
Research

;CMF?FT 325 MHz

e S

GMRR B850 MHz

200%

Klystron

POWER ]
CONSUMED 1

100%

GMRR

yatro _ Typical
BRI ’ Operation
Present focus is 0 4 ——— 0 - '
0 o0% L00% i 0% 100%
on GaN POWER QUTPUT PCWER QUTPUT
2 Compared to klystrons
HEAT Klyatron
POWER Reduction in:
DISSIPATED
100% - * Energy use ~2X
» Cooling requirements ~5 X
GMRR .« Downtime (redundancy in
H o i mtranmstors)
POWER QUTPUT
e, . GMRR VG12-1
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High-Efficiency PA

Requires tight coupling between LLRF and HLRF
LLRF Class F,S PA

RF Reference

Cavity
Forward
Reverse

LLRF:

- controls power supply voltage
- corrects for power supply induced phase push
- optimizes for efficiency
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Injection Locked Magnetron Vector Sum PA
1 kW CW Test @ 2.45 GHz

AMKr3 3.39 MHz
.787 dB|

deiciv__Ref -20.00 dBm -1.78
g e e ——

Matched loads

- Magnetron BW is
limited by the radial
velocity of the

electrons (P.S. Voltage &

X Y

2.452 49 GHz -23.752 dBm
2.455 83 GHz -23.928 dBm
3.39 MHz|
. F

B Output and magnetic field) for e R i
mg g}]%?:g?l; AM kr—‘24 7202285kgl é
Kol - Group delay ~ 55 ns
combiner .
input - - Spectrum is clean
—
except for power
supply induced TR Sween e o0t e
modulation

Matched loads

- LLRF System is
being built

Grigory Kazakevich, Muons Inc.
Ralph Pasquinelli, Brian Chase,
FNAL
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Project X LLRF Concept - 8 Cavity Controller

—1
| v
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Project X LLRF SOC Concept - 8 Cavity Controller
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LLRF with System on a Chip

See Philip

HSMC Connector Varghese’s talk
DAC |«
- o e this afternoon
Down .
Filter Filter Simulator Up
Converter o ) Converter
ADC > X > S onvoler >3 > — 52
ADC/DAC | > DpAQ -
Daughter Card > FFO g
NCO Filter SetPoint Controller FeedFwd Filter Cav Sim NCO
Tables Params Table Params Table Params Params Tables
PC
DMA
Controller
Labview
Console
Qsys Interconnect System (Avalon/AXI Bus)
Gigbit
Ethernet
\4
. CYCLONE V
HPS HPS
NIoS SDRAM ~ ———— Dual Core SoC FPGA
Soft Core c ARM A9
Processor ontroller
Processor
A
A
\ 4
HPS
SDRAM
Gigbit a
’JLEthemet SoC Kit
A
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Thank you for your attention!
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